Editorial Comment
Prognostic and Management Role of Cardiovascular Ultrasound in Surgically Treated Aortic Stenosis A Picture (With Pressure) Is Worth a Thousand Inotropic Agents Randolph P. Martin, MD, FACC I mprovements in surgical technique, cardioplegic agents and methods, and valve design have made modem cardiovascular surgery truly remarkable. The increasing longevity of the population, as well as the above-mentioned advances, have resulted in older patients doing extremely well with various types of cardiovascular surgery. No longer is age a major contraindication to cardiovascular surgical procedures. Critical valvular aortic stenosis remains a major indication for aortic valve replacement in patients of all age See p 926 groups. Although most cardiovascular physicians would assume that a poor prognosis with aortic valve surgery would center around abnormalities of coronary artery anatomy, poor ventricular function, or associated valvular abnormalities, the article in this issue of Circulation by Aurigemma et all highlights the fact that other features of aortic stenosis may be important in determining prognosis and outcomes. Many cardiologists, who have used cardiovascular ultrasound in an attempt to assess hemodynamic instability in the postoperative cardiac surgical patient, have an awareness of the not-uncommon scenario of a patient after aortic valve replacement whose hypotension is being managed by increasing doses of inotropic agents and whose echocardiogram shows a hyperdynamic small hypovolemic left ventricle.
The past 10 years has witnessed great advances in cardiovascular ultrasound instrumentation and clinical application. Foremost among these has been cardiovascular Doppler, including both spectral and color flow Doppler. The former allows for accurate velocity and pressure determinations, and the latter can be used to document and semiquantitate abnormalities of regurgitant flow, shunt flow, or disturbed flow. These improvements have been further refined by the developments of transesophageal echocardiography, with which outstanding anatomic and hemodynamic information can be obtained not only from the critically ill intubated patient but also from patients in the operating room.
The article by Aurigemma et all points out that those patients with significant valvular aortic stenosis who have abnormalities of ventricular geometry including marked concentric left ventricular hypertrophy, small ventricular cavity with overall hyperdynamic systolic function, and abnormal intracavitary late systolic flow acceleration constitute a patient population likely to have increased postoperative morbidity and mortality. Although the numbers are small, the authors utilized the presence or absence of late systolic intracavitary flow velocity abnormalities, detected by transthoracic echocardiography, to classify their patients into one of two groups: Group 1 (13 patients) had this finding versus group 2 (40 patients) who did not have this finding. Patients composing group 1 (with abnormalities of ventricular geometry and intracavitary flow acceleration) had significantly higher postoperative morbidity and mortality that was not explained by any other parameters. The only clinical characteristics that distinguished the two groups was a higher percentage of women and a higher ejection fraction and transvalvular aortic gradient on invasive workup in group 1. Importantly, there was no detection by cardiac catheterization of the presence of intracavitary or subvalvular gradients in any of the patients studied. In those few patients who had preoperative echocardiograms, group 1 patients often had increased degrees of hypertrophy of their ventricles (thicker septum, posterior wall, and relative wall ratio), as well as smaller ventricular dimensions (both end-systolic and end-diastolic), a higher fractional shortening (a rough estimate of ejection fraction), and the presence of significant intracavitary gradients, when compared with group 2 patients. Five of the 13 patients composing group 1 died after surgery secondary to either protracted hypotensive episodes or prolonged intubation. None of the patients with significant intracavitary gradients demonstrated systolic anterior motion of the mitral valvea finding that can be associated with dynamic left ventricular outflow tract obstruction after aortic valve surgery. Two patients with the highest preoperative intracavitary gradients underwent subaortic septal myectomies in addition to aortic valve replacement. These patients still had poor postoperative courses. The authors imply that the intracavitary gradi-Circulation Vol 86, No 3 September 1992 ents are most likely due to abnormalities of ventricular geometry (small left ventricular cavity, concentric left ventricular hypertrophy, and overall hyperdynamic and hypovolemic states). The authors clearly show that the differences were not secondary to hematocrit, regional or global left ventricular dysfunction, or enhanced unloading. The authors could not explain the mechanism for the intracavitary gradient, but they surmise that the small left ventricular cavity, which may be accentuated by a hypovolemic postoperative state, allows for inotropic agents to lead to the apposition of hypertrophied papillary muscles or walls.
The current article is the first to systematically consider a group of patients undergoing aortic valve surgery who either had or developed significant intracavitary gradients. Others have shown23 that dynamic outflow tract obstructions can develop in patients undergoing aortic valve operation, with prominent systolic anterior motion of mitral apparatus being the surmised etiology. Harrison et a14 have reported a small but important subset of patients with long-standing systemic hypertension and no aortic stenosis who developed significant intracavitary gradients without classic findings of idiopathic hypertrophic subaortic stenosis and major symptoms.
Implications of the Current Study The current study highlights the diagnostic, prognostic, and management roles of modern cardiovascular ultrasound in the preoperative or postoperative evaluation of the cardiac surgical patient. In addition, it appears that preoperative and/or postoperative Doppler echocardiographic study can identify and risk-stratify those older-age patients with aortic stenosis who are undergoing aortic valve replacement and who are most likely to have high postoperative morbidity and mortality. It appears from this study' that older patients (especially over the age of 75), female patients, and patients with a past history of hypertension, who display on echocardiography small ventricular cavities with overall hyperdynamic function, increased left ventricular wall thickness, and resting intracavitary gradients, may be a population in whom careful monitoring of their postoperative ventricular volume and function are as important as customary intensive care monitoring techniques. Patients who develop hypotension, on the basis of hypovolemia and a hyperdynamic ventricle, should be recognized early and treated by withdrawal of inotropic support, increased intravascular volume, as well as consideration for the use of ,B-blockers and calcium channel blockers. Using cardiac ultrasound early in the postoperative course may prevent the unfortunate downhill "spiral" of a protracted hypotensive episode being treated with inotropic agents when cessation of inotropic support, increased volume, and calcium channel and P-blockers may be more appropriate to prevent multisystem failure. This message is especially important for those patients who have undergone aortic valve replacement and who have a postoperative course manifested by hypotension and decreasing renal function.
There are many causes for postoperative hypotension, including cardiac tamponade, right ventricular and/or left ventricular global and regional dysfunction, valvular abnormalities, hypovolemia, and left ventricular outflow tract or midcavitary obstruction. Early car-diovascular ultrasound evaluation, with either transthoracic or transesophageal echocardiography, can determine the functional and hemodynamic status of the ventricle, valvular structures, and pericardium, aiding in determining the etiology of hypotension, as well as directing appropriate interventions. Hence, cardiac ultrasound may be very useful to determine proper therapeutic interventions in those patients who appear to be hypotensive postvalvular heart surgery or other forms of cardiac surgery.
Limitations of Current Study
An obvious limitation of the current study is to make assumptions based on small samples. However, the clinical experience of this reviewer over a 17-year period confirms what the current authors have determined, namely, that unrecognized hypovolemia with hyperdynamic left ventricular function and possible intracavitary obstruction is a not uncommon cause of a poor postoperative course in patients who have undergone aortic valve surgery. It is equally important that cardiologists recognize that intracavitary gradients, not subvalvular gradients, can be the cause of the above-mentioned complications and that they try to determine their presence or absence by preoperative Doppler and appropriate cardiac catheterization. It seems very important for both the noninvasive cardiologist and the invasive cardiologist to be aware of the significance of these findings.
Summary
Cardiovascular ultrasound in the postoperative setting can be of value in helping to manage the patient who has undergone aortic valve replacement and is having a stormy postoperative course. Preoperative echocardiograms may not only detect the presence of those characteristics most likely to cause such a postoperative course but also select early postoperative pharmaceutical and volume interventions that are appropriate. It is hoped that the ability to preoperatively recognize those patients who are at high risk for developing intracavitary gradients will aid in appropriately managing them postoperatively and preventing the effects of prolonged hypotension secondary to intracavitary gradients. In addition, the early use of cardiovascular ultrasound in the postoperative patient to determine the functional and hemodynamic status of the ventricle, valvular structures, and pericardium may lead to appropriate early intervention, be it pharmacological or surgical, in patients who are having a complicated postoperative course.
